PATENT ABSTRACTS OF JAPAN 

(1 DPublication number : 2000-357449 
(43)Date of publication of application : 26.12.2000 



51)Int.CI. 


HOIJ 1/34 
HOIJ 1/32 
HOIJ 40/06 
HOIJ 43/10 




21)Application number : 11-168154 


(71)Applicant : 


HAMAMATSU PHOTONICS KK 


22)Date of filing : 1 5.06.1 999 


(72)Inventor : 


SUZUKI TAKASHI 






KITAHARA TADASHI 






ARAGAKI MINORU 






SUZUKI YOSHITAKA 






WATANABE HIROYUKI 



54) PHOTOELECTRIC SURFACE, SECONDARY ELECTRON SURFACE. AND ELECTRONIC TUBE 

57)Abstract: 

•ROBLEM TO BE SOLVED: To allow film formation on low softening substrate or low 
lelting- point substrate and provide a photoelectric surface with high quantum 
fficiency. by making the photoelectric surface or emitting photoelectrons with incident 
ght out of amorphous diamond or a material mainly composed of the amorphous 
iamond. 

lOLUTION: A photoelectric surface 19 formed by laminating an alkaline metal layer 15 
n a hydrogen terminal layer 13 in which surface carbon atoms are hydrogenated is 
5rmed on a photoelectron-emitting layer 1 1 of amorphous diamond is formed on a 
lgF2 substrate 1 7. The amorphous diamond has a disordered bonding structure where 
arbon atoms have a tetrahedral coordination in sp3 hybrid orbital function of 
lectrons. Since the amorphous diamond primarily has an amorphous structure where 
arbon atoms in the tetrahedral coordination provide a disordered network, an energy 
jvel occurs at a forbidden band end. a broad spectrum is provided, film formation at a 
>w temperature is allowed to expand selectivity of the substrate 17, the film is easily 
linned on a transparent substrate of glass or the like for example other than MgF2. 
nd uniform and smooth film can be formed. 




THIS PAGE BUNK 



(USPTO) 



(i9)B*B«FfFJt (J p) (12)^^^^^^ (A) (iDi^nrnm^Amm^ 

#112000-357449 

(P, 2 000-357449 A) 
(43) <2^gg 0 1 2^ 1 2^ 26 0 (2000. 1 2. 26) 



(SDlnt.CL 

HOIJ 1/34 
1/32 
40/06 
43/10 



F I 
HOIJ 



(#%) 



1/34 
1/32 
40/06 
43/10 



A 
A 



(2i)ajM#-^ 


4#S^l 1-168154 




000236436 










(22) ihm 0 


¥^11^ 6 >^ 15 0 (1999. 6. 15) 




^isgm^Ri5imrtia^BTii26»±fica i 
















^ram^ti^Tfimseffri i2emM(o i 














(72) mm^ 


:4tJ[^ IE 








ti^ia3m^*j^mms»ni26#iftoi 














(74){-tllA 


100088155 



















(54) imm<D^w] 3fems. 



(57) [wm] 




( 2 ) 

1 

h'~:f^nxnsim^mmt^nx\^^^:z.t^<^mt-r^ lo 

20 

t-r ^~ixm^m. 

6 iSttCO - ^)C«-f-B„ 30 
ltt*^10] Brltey'r-V*>- Wi|Ef<?3^ffilC, T>'U 

m h-r^m-^^ 6 ~ 9 (Dv ^-m*^-^i5tto - 

1 ~ 5 60V iMIEic c03tfl;B t . 40 

I O O 0 1 1 

[000 2] 50 



#M 2000-357449 
2 

[t^^we^WJ t^*, ifeft 2 0 0 n mlJtTW^^^^felC 

{k-fe'^e^A (cs I) i)^^<jmhf\^Xi6K) . :L(D%mM 

[0003] -(7>J:9 'tC^^^a^T-fT^MltWTtOiftW^ 
<^3t«B;4ss*$ixSo i:::^;6stJ§*oc s 1 3tfl;B-e 

tt, Cs \ ^mW-<r>^^m (E.) WjSC0ai;ti.rV.df-(c 

*f-f-?)X^S^^iZ: (VL) (D:r.:S^,v^-(Dm. •tt£t>ibm. 
^mMfj (X,,,) ;4SjE-CfcSfc«)^j^«iai3t^S^br 

mm.^^ (E,) ;o^p>ja®$tvfc7t«^<D-gi5(i*^4^ 

10 0 0 4] — %fSMt urc s 1 {c-f^*?5#i^S 

<5^^-V^V K»If75>f5/£?.*a® (!|#^¥10-14 9 
7 6 1) /!lS^b^^TV^5„ S i S^gJi(c:^]KbfcCVD 
#M^Bi5^'l'-y^>' K3tmBll^^1-«-Ci§V^a^gb*Sr^ 

[0 0 0 5] 

[0 0 0 6] ^~X\ ;$:Bf!(4±lEaSH$-«*Lfcfgfig 
OptmB. -?i:«^-BSO^tt^«=^«SWi-6ii:iSrS6^ 

[0 0 0 7] 

[0 0 0 81 ±iE*fl;ffiiciov^T. y-(^^>h'un 

p^y^^ififij/js K-7°$ti.-r pM^^Sf^-fb^tbTv^-s 
-5 r i: {;i J; O , ^Bififi^T-ai-^/i'^-^^v Ki4Si&3i;^;yw 

[0 0 0 9] jifE^mffii-*5v^T. ^-r-v^vw*^ 



( 3 

3 

[0010] jtiB3teSffifi. y>< ir^^- h*un(ommi>^ 
[0011] ±i2^ssfi. y-r -ir^v h^un(omm 

[0 0 12] *:^P>g(c>ff.6z:Efc«^Bf^. A;^?^ixfc« 
o r «^ ^ tt5 zilJcmT-Sfe MS t Sriix. S r ^ Sr#gic i: 

[0013] ±le^^^fcm-^a^-*5l^T. ^^-^^vw 20 

[0 0 14] ±IB-^m^^ffi^C*5^.^T. ^5^^-¥^vm 
5C^:^4tm<ir L-Ct,g:V\ CO J: 9 5 r ^ 

[0 0 15] ±isziiSfcaT-®*i. z:?feS-?-jS5cttS®60^® 

[0 0 16] ±tBz:i5feffi^®(i, mi^co^ 

[0 0 17] *!^P>«tC#.5m^^(i> Bff^J^SOAi+3t 40 
[0 0 18] 



^g|2 0 0 0-3 5 7 4 4 9 
4 

[0019] ig 1 fi. *^§q(c#.^7fefl:aDf^^ 1-^3 

KOE ELS (Electron Energy Loss Spectroscopy) 

[0 0 2 0] in 1 \C7jki-^ 0 TfeffiB 1 9 (IM g F2 
Ti^b/^SSffil 7±tC?g^^i^TV^-5o 5tfl;ffii 9«r 

'^/u:7 r ^ V K(c J: o r $ n/c3t®^;55:ai 

Ml 1 ^(D±mz^mmmm^f>^i^mit^^xmfSL 

T/\^ij\)^mmi^tf)^hm^^fhx\i^^. :^^m\zm 

(Os p suji^wimiz^^xmmi^mmzm^mz^^i. 
tcmm^^ir^^ ^mmmmxit. T/u:fyv^mtLx 

C s ^fflV^-Sr i: C s{zmm^ti^hpxn 

ST-iSfflMi i;65r^/^>^T;^^-f -V^v KT-ff^^^ti 

^(D^X^^^-t^^—^ (2 8 5 eV) ^-Yir^^-K 

Ka{;i^^./b^-^4;6Sit C t> O o r V ^ -5 i?) >^ 
[0021] T^;\^yry^^^'^^>'V\^m^xj^m^ 

th^fz^mmi 7 (DiltRtt;65J!A < . *IIJfe»^^.C7)M g F 
[0 0 2 2] 4fc. Iil4{c:7j^-rj: 9{cT^yw:7T:^^-r 

36*ffiEi imm<om'^^(D^m^^7i<.m\^^-:>xmr^fii}^m 
tj:^^T^~mmf>^r^jvyry^y^^'^> V'mm\zmf& 

rco-SStciJ: l9^lSfcm#(;i. lil5tc;^-tJ: 
^ V L ?r^2^fls:Sig:m& Ec J: •9 i&i ^n^^yu^^- u 



( 4 ) 

5 

10 0 2 3] m2mmmm(Dytmm\:i^\^^xmm 

-tho m2mmmm(o^mm\^. m i i-^-rm i 

jvy r^^^^"^^^ Y\C'^^m^^Wi^}i LT»Dx.T p 
Jl 1 1 tcfflv^6 w <?r {c J: . 3feS-^j6jkm^ 1 1 co^Kift 10 

v\ 

[0 0 2 5] f^^. me{c:^mm^^h^—'^^tltiT'ejU 30 
-To 

[0 0 2 61 i^-hv ^«®<^*JS?i^^JcoV^-Clft?gLT 

^^^mmmmxi-^mmi 7(Dunt lxm& f, 
^fflv^ri^^/i^ m^(oufMt.M&F.(Dm. s i . 
^^JS^-et^i^o L3{>^L. Si. ^m^^m^^^ti 

1 3RXfT/i^:^V^mmi 5^M}ii.[^x\^^^/)K 

[0 0 2 7] ^ic, :*:%PJ«c:»5m^l=Oi!fii/^^]|ffiff^ 

|§2 1 <^ll|7lCio(t^±ffi«;iH^$tb, 7t«®19{iS 50 



000-357449 

6 

1 9 irOPeltCfiA 1 «;^12 4 7)5^:fe^ttT*5l9. TtfliS 
1 9ir^^2 5 i:limMW{^Sjgg$4xTV^So Al+.^ 1 

7(DSiMm\a^. t/tmmi 9{:iMi^xiEmj£:^^mu^ 

XV^-5o ^1S2 2<i;^xA2 3(c:J:oTS§§2 1 (eg* 

mii&^m^noy-(y?^>h2 6^^y^'rM.2 7i,zxn^ 

0;^y->^2 8:^5^ »ffi2 2 i;^S2 1 (?)j£ffii:Or«1t;i 
1 O"''-'! X 1 0"^ T o r r <D^j^J£(D7i^m^mA^il.X 
[0 0 2 8] 3fe®ffi 1 9 ^T^7U:7r^^$^-f ir^v KT* 

^■r^ r <b (c J: «9 t t^-X^ 

[0 0 2 9] mi nmmm(om'=F's 2 0 ititkcDX 0 (cf^ 

m^2 2{cM^htl. X7^A2 3 Sraii:T^S2 

[00 3 0] 3tms 1 9 nykmm-^iihmRxj^r/V':^ v m 

m:^^-^j:^thx^y)i±mmm:^mTLx\^^^tzi^. 

^7^-hm^mx(o&^^)}m^^-rm. m9{tM?Em^f)- 

m^$j]mtm^{^±L. m9/)^h^7^^^^x "^lizz 2 0 n 

mmmm<om.^m2 o{zn^m^m7<^tix\^^^tztb^ 

mmi 9mmy)^h:^m:^mmi.tim. ttA^tL^cTk^:^^ 
Tfessi 9{zw^Ami~^(ox\ 3fett©i 9(ommitit^ 

[00 3 1 ] m 1 mmmm<om,^'g<Dmm:^mi: 

"if— fiSItt^. A r F if— (1 9 3 nm) S^ffll^. 

BStt^^^ 2 J / c m\ :^'^;^t^j^^?r^-^" ,y hfciS 
X 1 0"' T o r r l^TCDM^'f-^ >y<-^Xn 

11^1^2 Otc:*i;^aA4tt5o ^^2 ip^tii x i o'*T 

o r T &L±(DmM^{cmm,^ti. 2 0 o'^acmm^tiKL 

[00 3 2] 1 X 1 0 ' T o r r (D^AS(07i^m:^ 



J 

( 5 

7 

10 0 3 3] m^2i F^lciStt bttfcTyi-;357 y ^ 

lO 0 3 41 W±OX@4rSfc^(c. ixio-'-lx 
1 0" ' T o r r O^i^ffiOTK^^itA 1 %mmm(D 

[00 3 5] /j: M 1 mmmmx-\^xM^ i ? ow^sf 

^ UTMg F2 ^ffll^f::;^^. C a Xfii^ T -< T^T* 

1 P^t::f^Alt^5 0;6^^AML/cl5:|^tij7t^§{t53t« 
El 9;65AttS5 0(;:>ctr^LTi3:it bttTi/^^o itmM 
1 9(^;^7"A4 stc^i^^nss i StRi 7 Ji(c?g^$ 

ttrv^So AW^5 0 <t^mBi 9 ^:corat;if:±. 

^It^tbTV^So ^1l4 2i3tmffil 9 <ircoF«1tc{^^m 

® 1 9tC7k^i^S*0;SS:tT9fci^>Cr>:7^ V h 4 6 7^5 
;^xiN4 7(Cj:oT^J^$nTV^-5„ Syc, 3femffil9 
tcir/i-:* y^m^tT'5/ci6(0;^ y — :/4 8 7i>^. itmMi 
9 <^AM^.4 1 l;:>rtrp]-rsteiJ®<h(^F«1{c:?^'7^A4 9\z.^ 
«:^^«p^ttTv^s« ^§§4 1 F^{c:f^ 1 X 1 o '^ — i X i 

O'^To r r (7)^/±C07k^^5f^A$tlTU^5o 

[0 0 3 7] ^2mmmm(Dm^'§4 ofi^oj: ^t-i'^ 

ifj-rSo AM^.5 0tcA**L/c7fef-i: ^^Tfemffil 9;6>b 
SS4 lI^fC^m^e75Sijfc|±5$ix6„ SfetB^n/t^feffi^ 40 
. e:d^m^4 2{zm^^htl. A 4 3 1:T^S4 1 

[0 0 3 8] II 2 mmmmcom^^ 4 0 . 7kigj5i-s^ 
^t-mmmmy e ^^^^^a L-^t- < o r i ^ So 

[0 0 3 9] ISktC. ||2|IKi?f$ffi.cOffi^Wc7)^3g:&ffi^ 

-i^B^miziX^x. asmis (100) <os i ««_b(c 

5o »:i-> TfeSSi 9$rlili 0lc?j^-r^^4 i F^tciS:® 50 



2000-357449 

8 

L. ^v^rAl^^5 osr^B-rso m2mmmm(Dm^ 

1=4 Ofi^^1^3t«:*flfei: Urv>-5C0T\ Alt^5 Oitm 
[0 0 4 0] 1 X 1 0"' T o r r *^^;^q^T*W 

S4 irt(;i^ttbn^c:7^^>>^b4 e^rilSJollftL. 
r^/i^yr^y^^'ei^ K$r3 0 0t:<D}a5?T*»5>raSr 

[0 04 1] ^td, 4 1 ^{ciiStt bttfcT/U;* y ^ 
M-g-^c^^y^ y — y 4 8 ^mWMm \.Tjv^ y MSSrtr 

[0 04 2] «±OXS<lrSfcmtc. 1 X 1 0- * - 1 X 

1 0-^To r r 05>ffi07k^>sr#fAu. m2mmmm<o 

[0 0 4 3] /^:io. ||2^^S?F^^com^W^^fflV^S5t® 

ffi 1 9 (omm 1 7 i: LT s i ^m\^^fz^K m(D^mi^. 
[0 0 4 4] mz. ^mmic^.^^mmRv^ii^m^m 
mtLxmrn-t^o lai u^. *:^pj{c#,-5m^tfoii 

f|iJ®{c:Alt.^6 2^W-r'5^:g§6 1 S^6 1 

F^tcifi^m^^j^tti-rs^®® 1 9. wcm^tifc^m^ 

Srii^&SFP 7 0 -^^< 6 3. iif&lfP 7 0 Sr«|^-f 

s#^coii^m^®7 1 -8 o^t/tif^^tt/cffl;T-^ilx 

^i-Slir®8 1 ^^^'IS-tt bnrV^S, ^7t. Al*^>62^ 

^±icmnhtix^^^^mmi 9*^. ±ts^ i njs^f^^, 
10 0 4 5] m^mme 3 <^^ii8 i t(Dw:inifib^ 

5o ft®^® 7 1 ~8 OJi. ^J^-^^^ K->^Lfcp 
mr^/i^yr K^c u - B e^MJitc^j^ 

IST'f;iCu-B e<^ffiV^TV^S;^^ Ni, AlXfiSU 

S ^ (O^Jg±(C^I^ $ tL7t t CO t> M ^ ^ 

[0 0 4 6] :ioJ:^/^tll^<b-r6c^(cj:t9. Mo. 

mt^v^-T^fLXpm^mmt^ixxx^^^tLib. iLUf^m 
dbL. n^m\iLiy^<tii^(Dx. m^tmti\^f\^^'t< 

[0 0 4 7] Sfc. ^-r-^^>' K«®^7K^«cj:«9J^$Sg 



( 6 ) 

9 

1 0 0 4 8 1 m3mmmm(Dm'f''s<omm:^&^ 
-B e^m±\^^-\^^m\^r.ikm^m^mm'r^o \y 

--f—WSAVt. ArFU— if— (19 3nm) SrfflV\ 

00 vi^e^^l 0 0 p pm-^^^^^T-r hS:^ 10 
^—^y h<^7}^r>^^;^ftf^ 1 o O p pm(C:|5S^$;|x 

[0 0 4 9] ^(C. ^ffil X 1 0"'T o r x (Oi^mii^^ 

^^r;^^^-^^^ K(7)?^^(i 3 0 o°c{ctS:o, rtbf^. 20 

[0 0 5 0] ^{C. ±lSSSagX5g{C:^5V^Tl^at^^^fc- 

i^S^SSr. Ell l{C;^i-^§^6 IfC/K^y^^^^^-Yy 
K<Jr LTffi.^^iZ^^. ^O^. ^:g§6 1 1 X 1 0 '^ T 

[0 0 5 1 ] m^. m^%igmm(DW=^m\z.^\^^xmm 
■t-^o ^4^j^fl0figcDm^=-»fi. msMmnmcom^'s 

X 1 0'* T o r r cO#|fflmjC:fcV^T. if— 

J±n lX10-«Torr ^cm'^^fl^ h(OX*nfj: < 1 X 

1 0 ' T o r r i^TT'fctttf^V\ 

[0 0 5 2] v'^ttfcT^/ui^T 
[0 0 5 3] mm\''-:f^tifcT^/i^yT^y 



#g|2 000-357449 
10 

T-fe^;65. >^$tLfcT^/^:7r:^>5^'Y-^^>' 
[00 54] m^'S(ommmm^^-^\^^xmm lt 
:^ V ^mxi'^'t(Dit^m<om^M\^x 

[0 0 5 5] 

[0 0 5 6] ^j^i^co K— :7^*tt:rcr^/i-:7r;^ 
KSr5tfl;ffi3^fiz:f*®^®{cfflv>:5 :i fc J: 

[0 0 5 7] ^bJ-. :*:^?q<^)^^fca:^B^c*3l/^■c^*. 
[lll®(^ffi*/.^UiPJl 

[Ell] :^mm{c^^%mm(Dmi-m3mmmmi:7jk 

[El 2] r^/V'^'T^^y-f'-V^^^ KcDEE L S(OS"J^*£ 
[E!3] T^/u-:7y^:^^^'Y^:yyt(D^mm&^7r^'rm 
[El 4] T^/i-:7T;^>5^-r -V^> Kco^^-TtSite^im^^ 

-tmxh^. 

[El 5] 7Km.1^iffi^ll;05?i^^tbfcr^yU7T:^^-^-^^ 
(o^m&^^Tf^'tmx^^. 

[El 7] '^^m^^^^nF^'^<Dm\%'mm^7v^^m\& 

ElT'fc^o 

[EI 8] lll^SE?f^ffi<^>m^^O*?g^^75-e>^^1^«c-C 
OS^^^ Sr^-r El 

[El 9] ^\%mMm(ryn'^m(o^'^mm-h'^^^^ 

-t ^7)fi^Sfj^ $-:^-r El T-fc ^5 o 

[Ell 0] :*:||0j(c#.^^2^JE?F$ffiom^^l=5r7r:-riT 

BElT'fc^o 

[Ell 1] *lg0^(c#.^m^«^<O^3|IJS?fJM5r*1-0K 
BElT'fc^o 

[Ell 2] T^/uyr ^y^-Y^^ h'^m\^^rzZ.9:m'f- 

m<omMm&\cM'r^:^^m^m±^m^7jk'tmx;h 

-So 

1 1 • • • ^m^f-mam. 1 3 • • • 7i(.mmii^m. 1 5 



( 7 ) 



2000-357449 



11 

• • T/U:^])^mm. 1 7 • • • l 9 • • • 7t 

I. 2 0 • • • ^ 1 mmmm<om^m. 2 i - - - m 

2 2 • • • 2 3 • • • 2 4- • - A 

1 mm. 2 5 • • • 2 6- • • 2 

7 • • • :^'rJ^. 2 8- • • y — 2 9 • • • 

A. 4 0 • • 'm2mmMm<Dm^m. 4 i • • - ^ 

4 2 • ■ • ^ai. 4 3 • • • 4 5 • • • >^ 



12 



T^A, 46 - • '>'-r^p<>h, 47 - • ' y^^TM.. 4 
8 • • • y — 4 9 • - • ^T^ix^ 5 O • • • AW 

6 0— *m3mmmmpm^'ff.' e 1 • • • ^ 
6 2 • • • AMm. 6 3 • • • M^mm. 7 0 • • 

• tif&§|5. 7 1 8 0 • • • Zl^fcS^^ffi. 8 1—-^ 



[mi] 



[[gI2] 



-1 — 1—1 — I — I — I I I I I 




2 3 4 

>t^x^;i^^- (eV) 



Ec 

Ef 
Ev 





\ Xeff 




Eg 













VL 



( 8 ) 



2000-357449 



[13 7 1 



[US] 




1.E-01 




1.E-03 



100 120 140 160 180 200 220 240 2G0 260 
iSC-gk (nnO 

[mi 01 



1.E+02 
1.E+00 



3 

i? 1.E-04 



1.E-06 

i.E-oa 



i 


















































































El/ 







































100 200 300 400 SOO 600 700 41 43 

[0111 




[Hi 21 



60 



r63 71 73 75 77 79 

J J ) ' 





100 200 300 

ilDiS%£E <V) 



400 



#[53m^fefc^mm»wrii26#itiico i mh-^- 



( 9 ) 



2000-357449 



\ 



THIS PAGE BLANK mno, 



